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by Shannon Whelan
INTRODUCTION
Sea ice is the defining characteristic of Arctic marine ecosystems and has a central role in marine Arctic life. Ice thickness, extent, concentration, and 
SKHQRORJ\LHDQQXDOWLPLQJDOOLQÀXHQFHWKHPRYHPHQW
RIPDULQH LQKDELWDQWV:LQWHU LFH FRYHU IDFLOLWDWHV WUDYHO
and hunting for predators, including polar bears and 
humans. Then, spring break-up initiates a pulse of marine 
SURGXFWLYLW\ZKHUH WKHEDVHRIRFHDQ IRRGFKDLQV UDPSV
XSDQGPLJUDWRU\DQLPDOVVZHHSLQWRH[SORLWWKHVHKLJKO\
SURGXFWLYHHFRV\VWHPV
,Q VSULQJ VRPH $UFWLF VHDELUGV IROORZ WKH UHFHGLQJ
LFH HGJH WR WKHLU VXPPHU EUHHGLQJ JURXQGV ZKHUH WKH\
KDYH RQO\ D VKRUWZLQGRZRI WLPH WR UDLVH \RXQJ EHIRUH
the autumn freeze-up begins. A thick layer of sea ice that 
breaks up late can block seabirds from accessing their 
EUHHGLQJ VLWHV FDXVLQJ FRVWO\ GHOD\V WKDW SUHYHQW WKHP
from successfully raising young (Kooyman et al., 2007). 
+RZHYHU D WKLQ OD\HU RI LFH WKDW EUHDNV XS HDUO\ FDQ





young, breeding seabirds must spend more time and effort 
to meet energy demands and may still fail to produce 
\RXQJ7KHVH WURSKLFPLVPDWFKHVEHWZHHQSUHGDWRUVDQG
prey are increasing because of climate change and could, 
WKHUHIRUHVKLIWSRSXODWLRQGHPRJUDSK\RYHUWLPH6WHQVHWK
and Mysterud, 2002).
Climate change is disproportionately affecting the Arctic 
UHODWLYH WR RWKHU UHJLRQV RI WKHZRUOG 3RVW HW DO 
leading to decreased sea ice extent (Serreze et al., 2007) and 
thickness (Lindsay and Zhang, 2005), and earlier spring 
EUHDNXSV6WURHYHHWDO7KHVHFKDQJHVDUHFDXVLQJ
GUDPDWLFVKLIWVWKDWUHYHUEHUDWHWKURXJK$UFWLFHFRV\VWHPV





+XGVRQ%D\1XQDYXWZKHUH ,ZRUN WKH UHVHDUFK WHDP
XVHG WR DUULYH LQ -XQH YLD 7ZLQ2WWHU DLUFUDIWV RQ VNLV
ODQGLQJRQWKHLFHQRZSODQHVDUULYHH[FOXVLYHO\RQWXQGUD
WLUHVDVWKHLFHKDVXVXDOO\ORQJGLVDSSHDUHGE\WKHQ2XU
GDLO\ FDPS ORJV UHSRUW D FKDQJHRYHU IRXU GHFDGHV IURP
dry, crisp ‘Arctic’ summers to feeling more damp, cold, and 
VWRUP\OLNH1HZIRXQGODQG
,QXLW OLYLQJ LQ WKH HDVWHUQ &DQDGLDQ $UFWLF KDYH
ZLGHO\ UHSRUWHG PDQ\ LPSDFWV RI FOLPDWH FKDQJH RQ
ZLOGOLIH ,Q FROODERUDWLRQ ZLWK ,QXLW P\ UHVHDUFK ZLOO
SURYLGHFRPSOLPHQWDU\LQIRUPDWLRQRQZKDWLVKDSSHQLQJ












a reduction in breeding success.
7KH REMHFWLYHV RI P\ UHVHDUFK DUH WR GHWHUPLQH 
WKH ¿QH DQG EURDGVFDOH KRXUV PHWHUV YV GD\V NPV
EHKDYLRXUDOUHVSRQVHRIDQ$UFWLFVHDELUGWRLFHDQGZLQG
SDWWHUQVDQG WKHFRQVHTXHQFHVRI UHJLRQDOYDULDWLRQ LQ
VHD LFH DQGZLQG RQ VHDELUG EUHHGLQJ VXFFHVV 7R GR VR
requires longitudinal population monitoring data spanning 
GHFDGHV6LQFHDFRORQ\RI7KLFNELOOHG0XUUHVDNSD




at the forefront of documenting effects of climate change 
on Arctic seabirds. Importantly, the study has stayed at 
WKHFXWWLQJHGJHRIWHFKQRORJLFDODGYDQFHVDQGLQWHJUDWHG
DQLPDO WUDFNLQJ LQWR SRSXODWLRQ PRQLWRULQJ VLQFH 
GLPHQVLRQDO WDJV VLQFH)O\LQJ UHTXLUHVH[WUHPH




7RGHWHUPLQH WKHEHKDYLRXUDO UHVSRQVHVRI VHDELUGV WR
LFHDQGZLQGSDWWHUQV,ZLOOWHVWWZRDOWHUQDWLYHK\SRWKHVHV
,1)21257+
DERXW KRZPXUUHVPD\ FRSHZLWK YDULDEOH LFH DQGZLQG
FRQGLWLRQV )LUVW PXUUHV DYRLG IRUDJLQJ LQ LQFOHPHQW
ZHDWKHU WR DYRLG LQFUHDVHG HQHUJHWLF FRVWV 8QGHU WKLV
K\SRWKHVLV , SUHGLFW WKDW ELUGV ZLOO GHOD\ GHSDUWLQJ
RQ IRUDJLQJ WULSV XQWLO VWURQJ ZLQGV FHDVH WKHQ GHSDUW
ZKHQ ZHDWKHU FRQGLWLRQV LPSURYH DQG EORRG VDPSOHV
IURPELUGV UHFDSWXUHG DIWHU LQFOHPHQWZHDWKHUZLOO KDYH
higher concentrations of blood components that indicate 
nutritional stress and fasting (i.e. hormones, metabolites). 
$OWHUQDWLYHO\ PXUUHV PD\ DGMXVW IRUDJLQJ EHKDYLRXU LQ
UHVSRQVH WR LQFOHPHQWZHDWKHU WR EXIIHU LQFUHDVHG ÀLJKW
FRVWV 8QGHU WKLV DOWHUQDWLYH K\SRWKHVLV , H[SHFW WKDW
ELUGV ZLOO UHGXFH IRUDJLQJ UDQJH DQG WKHUHIRUH GHFUHDVH
WKH SURSRUWLRQ RI WLPH VSHQW À\LQJ GXULQJ SHULRGV RI
VWURQJ ZLQGV DQG EORRG VDPSOHV IURP ELUGV UHFDSWXUHG
DIWHU LQFOHPHQW ZHDWKHU ZLOO KDYH FRQFHQWUDWLRQV RI
blood components that indicate similar nutritional stress 
FRPSDUHGWRVDPSOHVWDNHQIURPELUGVDIWHUPLOGZHDWKHU
7R GHWHUPLQH WKH FRQVHTXHQFHV RI VHD LFH DQG ZLQG
YDULDWLRQRQEUHHGLQJ VXFFHVV , K\SRWKHVLVH WKDWPXUUHV
KDYHJUHDWHUEUHHGLQJVXFFHVVLQKLJKLFH\HDUVEHFDXVHWKLV
LFHREOLJDWHVSHFLHVXVHVLFHWRORFDWHDQGKXQWSUH\)LJ
, H[SHFW WKDW FKLFN JURZWK UDWHV DUH KLJKHVW LQ KLJKLFH
\HDUVDQGMXYHQLOHUHFUXLWPHQWLVJUHDWHVWDPRQJFRKRUWV
reared during high-ice years. 
COATS ISLAND SEABIRD MONITORING PROGRAM
7KH &RDWV ,VODQG 6HDELUG 0RQLWRULQJ 3URJUDP ZDV





from the nearby community of Coral Harbour, biologists 
DQG WHFKQLFLDQV IURP(QYLURQPHQW DQG &OLPDWH &KDQJH
Canada, and graduate students and researchers from 
&DQDGLDQXQLYHUVLWLHV






to spread to Northern communities.
7KLV \HDU VWXG\ KDV VSDQQHG D SHULRG RI UDSLG
climate change in the Arctic and is the longest continuous 
VWXG\RI$UFWLFELUGV,WKDVSURYLGHGVRPHRIWKHFOHDUHVW
HYLGHQFHWKDWLQWKHVXPPHU+XGVRQ%D\KDVWUDQVLWLRQHG
from being an Arctic ecosystem to a north Atlantic 
HFRV\VWHP )RU H[DPSOH *DVWRQ HW DO  SURYLGHG
VRPHRI WKH¿UVW HYLGHQFH WKDWELUGV DUHEUHHGLQJHDUOLHU
ZLWK ZDUPLQJ VSULQJ WHPSHUDWXUHV 9LVXDO REVHUYDWLRQV
RIGLHWZKHUHSUH\ VSHFLHV DUH LGHQWL¿HGDVSDUHQWV IHHG
FKLFNV GRFXPHQWHG D VKLIW IURP$UFWLF IRUDJH ¿VK VXFK
as Arctic cod (Boreogadus saida WRDQH[SDQVLRQRI¿VK
IURPVRXWKHUQZDWHUVLQFOXGLQJ$WODQWLFFDSHOLQMallotus 
villosus) *DVWRQDQG(OOLRWW ZLWK D UDSLG µUHJLPH
VKLIW¶ LQ WKHPLGV ,QPRUH UHFHQW\HDUV SRODUEHDU
HQFRXQWHUVDW WKH UHVHDUFKVLWHKDYH LQFUHDVHG LQQXPEHU
DQGQRZRFFXUHDUOLHULQVXPPHU6PLWKHWDO0DQ\
other completed and ongoing projects continue to clarify 
the multifaceted effects of climate change and seabird 
responses to these changes.
RESEARCH APPROACH
$OWKRXJKWKLVSURMHFWZDVGHOD\HGZHSODQWRFRQWLQXH
GDWD FROOHFWLRQ IRU WKLV ZRUN LQ WKH VXPPHU RI  LI
SRVVLEOH,ZLOOXVHDFRPELQDWLRQRIKLVWRULFDOSRSXODWLRQ
PRQLWRULQJ GDWD ± DQG QHZO\ FROOHFWHG
ELRORJJLQJ DQG SK\VLRORJ\ GDWD ± IURP 7KLFN
ELOOHG 0XUUHV EUHHGLQJ RQ &RDWV ,VODQG :H ZLOO EXLOG






7R DGGUHVV TXHVWLRQV UHODWHG WR ¿QHVFDOH PRYHPHQW
EHKDYLRXURI7KLFNELOOHG0XUUHV UHTXLUHVGLPHQVLRQDO








FIG. 1. Thick-billed Murres are usually associated with ice. 
Arctic cod, a high-calorie prey item, are present under sea ice 
ÅVLZ+LJYLHZPUNPJLJV]LYOHZILLUHZZVJPH[LK^P[OHKLJSPUL
in the proportion of Arctic cod in murre diet at Coats Island, 







 6PDOO EORRG VDPSOHV FDQ UHYHDO D ODUJH DPRXQW RI
information about an animal’s condition and ability to meet 
energy requirements. The concentration of metabolites 
(e.g. glucose, ketones) and hormones (e.g.. corticosterone) 
FDQLQGLFDWHUHFHQWIRUDJLQJDFWLYLW\LQGLYLGXDOGLIIHUHQFHV
in diet, and nutritional condition (Morales et al., 2020). 
:LWKLQPLQRIFDSWXUHDQGUHFDSWXUH ,ZLOO WDNHDRQH
ml blood sample, immediately measure blood glucose 
DQG NHWRQHV XVLQJ SRLQWRIFDUH GHYLFHV 0RUDOHV HW DO
2020), centrifuge to separate serum from red blood cells, 
and store frozen until radioimmunoassay can determine 
corticosterone concentrations.
Environmental Data
,ZLOO XVH D FRPELQDWLRQ RI SXEOLFO\ DYDLODEOH UHPRWH
VHQVLQJ GDWD DQG RQVLWH ZHDWKHU PHDVXUHPHQWV LQ WKH
¿HOG)RUKLVWRULFDOVHD LFH ,ZLOOXVHGDLO\PHDQVHD LFH
FRQFHQWUDWLRQGDWDREWDLQHGYLDUHPRWHVHQVLQJ&RSHUQLFXV
0DULQH 6HUYLFH (8 'XULQJ ¿HOGZRUN , ZLOO FROOHFW
HQYLURQPHQWDOGDWDIURPDVHPLSHUPDQHQWZHDWKHUVWDWLRQ
RQ WKH FRORQ\ IRU WKH GXUDWLRQ RI WKH ¿HOG VHDVRQ GDWD






Effects of Wind and Ice Conditions on Behaviour and 
Physiology
7RGHWHUPLQH WKH HIIHFWV RI LFH DQGZHDWKHURQPXUUH
EHKDYLRXUHQHUJHWLFVDQGSK\VLRORJ\ ,ZLOO¿UVWXVH WKH
PRYHPHQW GDWD WR FODVVLI\ EHKDYLRXU , ZLOO XVH+LGGHQ
0DUNRY0RGHOVmomentuHMM, McClintock and Michelot, 
WKDW LQFRUSRUDWH*36ORFDWLRQZLQJEHDWIUHTXHQF\
GHSWK DQG DFFHOHUDWLRQ 3DWWHUVRQ HW DO  8VLQJ
DFWLYLW\VSHFL¿F PHWDEROLF UDWHV (OOLRWW HW DO E ,
ZLOOHVWLPDWHGDLO\HQHUJ\H[SHQGLWXUHIRUHDFKLQGLYLGXDO




ketones, corticosterone) in response to sea ice concentration 
DQGZHDWKHUYDULDEOHVHJZLQGVSHHGZKLOHFRQWUROOLQJ
for day of year and breeding stage (incubation/chick-
UHDULQJDVFRYDULDWHV
Effects of Ice Conditions on Breeding Success
To test the effects of annual ice conditions on population 
GHPRJUDSK\,ZLOOPRGHOEUHHGLQJVXFFHVVFKLFNJURZWK
UDWHVDQGFRQGLWLRQDQGMXYHQLOHUHFUXLWPHQWLQUHVSRQVHWR




as akpa in Inuktitut and turr DPRQJ1HZIRXQGODQGHUV²DUH
WUDGLWLRQDOIRRGVLQFRPPXQLWLHVLQ1XQDYXW1XQDYLNDQG
1HZIRXQGODQGDQG/DEUDGRU,QSDUWLFXODUWKH1XQDWVLDYXW
JRYHUQPHQWKDV UHFHQWO\SDUWQHUHGZLWK WKH&RDWV ,VODQG
FIG. 3. )PYKZHYLJHW[\YLK]PHHUL_[LUKHISLWVSLHUKZJPLU[PÄJ
procedures are on conducted on cliffside. Here, Jupie 
Angootealuk and Shannon Whelan band a Thick-billed Murre 
with a unique number before deploying a GPS to track at-sea 
movements. Photo credit: Douglas Noblet.
FIG. 2. The Coats Island seabird colony in June 2019. Thick-
billed Murres (~30 000) and glaucous gulls (~40) breed on 
the steep, exposed sections of cliff. The living quarters and 
outbuildings are situated just above the breeding colony, and 
YLZLHYJOLYZ\ZLHÄ_LKSPULZ`Z[LTHUKYHWWLSZ[VHJJLZZ[OL
colony from above. Photo credit: Shannon Whelan.
,1)21257+
UHVHDUFK JURXS WR GHWHUPLQH WKH UHODWLYH FRQWULEXWLRQV
of breeding and non-breeding regions to contaminants 
LQ KXQWHG PXUUHV DQG P\ ZRUN ZLOO KHOS LPSURYH RXU




7KH GDWD FROOHFWHG LQ WKLV VWXG\ ZLOO IXUWKHU EXLOG D
large, long-term dataset that can be used for many different 
UHVHDUFKDQGZLOGOLIHPDQDJHPHQWTXHVWLRQVLQWKHIXWXUH
,Q SDUWLFXODU WKH*36GDWD FRXOG UHYHDOPDULQHZLOGOLIH
hotspots of interest to local communities. The burst of 
GHYHORSPHQW DQG LQFUHDVHG VKLSSLQJ WUDI¿F LQ QRUWKHUQ
Hudson Bay has concerned the nearby community of 
&RUDO +DUERXU EHFDXVH LW FRXOG KDYH QHJDWLYH LPSDFWV
RQ WUDGLWLRQDO ZLOG IRRGV $XNV LQFOXGLQJ 7KLFNELOOHG
0XUUHV DUH SDUWLFXODUO\ VHQVLWLYH WR RLOLQJ DQG DQ RLO
VSLOO HYHQW QHDU D PDVVLYH FRORQ\ VXFK DV &RDWV ,VODQG
ZRXOGKDYHGHYDVWDWLQJHIIHFWV5HVLGHQWV UHFHQWO\EHJDQ
WR PRQLWRU VKLS WUDI¿F WKURXJK WKH VWUDLW EHWZHHQ WKHLU
FRPPXQLW\DQGWKH&RDWV,VODQGPXUUHFRORQ\0RUHRYHU
WKH'HSDUWPHQWRI)LVKHULHV DQG2FHDQV LV FROODERUDWLQJ
FORVHO\ZLWK&RUDO+DUERXUDQGRWKHUQHDUE\FRPPXQLWLHV
to plan a marine protected area around Southampton Island 
(KWWSVZZZGIRPSRJFFDRFHDQVDRLVLVRXWKDPSWRQ
eng.html$VDJHQHUDOLVWSUHGDWRUWKH*36ORFDWLRQGDWD
IURP 7KLFNELOOHG 0XUUHV UHYHDOV PDULQH KRWVSRWV DQG
FULWLFDOKDELWDWWRPD[LPLVHEHQH¿WVWRPXUUHV0RYHPHQW
data collected in this project can be used to delineate the 
proposed marine protected areas, or placement of shipping 
ODQHVDVWKH1RUWKXQGHUJRHVFRQWLQXHGGHYHORSPHQW
7KLV VWXG\ ZLOO GHWHUPLQH KRZ VHDELUGV DGMXVW WKHLU
EHKDYLRXUWRFKDQJLQJFOLPDWHDQGZHDWKHULQWKH$UFWLF
and subsequent impacts on population demography. 
%\ FRPELQLQJ  \HDUV RI PRQLWRULQJ GDWD ZLWK 
\HDUV RIPRGHUQ ELRORJJLQJ GDWD WKLV SURMHFWZLOO EH DQ
exceptionally strong test of the effects of climate change on 
an Arctic species. 
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)RXQGDWLRQ IRU ,QQRYDWLRQ1DWXUDO 6FLHQFHV DQG (QJLQHHULQJ
5HVHDUFK &RXQFLO DQG D &DQDGD 5HVHDUFK &KDLU LQ $UFWLF
(FRORJ\$:HVWRQ)DPLO\$ZDUGLQ1RUWKHUQ5HVHDUFK)RQGV
GH5HFKHUFKHGX4XpEHF±1DWXUHHW7HFKQRORJLH6FKRODUVKLS
16(5& 3RVWJUDGXDWH 6FKRODUVKLS 0DFNHQ]LH0XQURH
)HOORZVKLS DQG 6RFLHW\ IRU &DQDGLDQ 2UQLWKRORJLVWV %DLOOLH
$ZDUGSURYLGHGDGGLWLRQDOVXSSRUW'XULQJ WKHRII VHDVRQ WKH




'RXJODV ' &UX] 6 +DQ - %UDQGHV ' DQG :LNHOVNL
0  7KH HQYLURQPHQWDOGDWD DXWRPDWHG WUDFN




-5 DQG 'DYRUHQ *. D +LJK ÀLJKW FRVWV EXW ORZ
GLYH FRVWV LQ DXNV VXSSRUW WKH ELRPHFKDQLFDO K\SRWKHVLV
IRU ÀLJKWOHVVQHVV LQ SHQJXLQV 3URFHHGLQJV RI WKH 1DWLRQDO
$FDGHP\RI6FLHQFHV±
  KWWSVGRLRUJSQDV 
(OOLRWW .+ /H 9DLOODQW 0 .DWR $ 6SHDNPDQ -5 DQG
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*DVWRQ$-*UDQW*LOFKULVW+DQG+LSIQHU-0&OLPDWH
change, ice conditions and reproduction in an Arctic nesting 
marine bird: Brunnich’s guillemot (Uria lomvia/-RXUQDORI
$QLPDO(FRORJ\±
  KWWSVGRLRUJM[ 
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&KDQJHVLQVHDVRQDOHYHQWVSHDNIRRGDYDLODELOLW\DQG
consequent breeding adjustment in a marine bird: A case of 
SURJUHVVLYHPLVPDWFKLQJ7KH&RQGRU±
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